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(57 , An overvCtage or transient suppression means £ ^J^f^^ 1 within a 
comprising two side by side tnac structures (A^B) .sola bloc Y king junct ions between the n- 
single semiconductor body. The .solat.on region forms back to M« P junctions being greater 

type bases 4 of each triac structure the breakdown ^l^^V^onsU and P -ty P e regions 3 
than the breakdown voltage , of th by a common metallisation 12 

and 5 in the two tnac structures. The tr «c f tru ctures may o ' 2 Each triac structure may 

circuit to a telephone exchange. 
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SPECIFICATION 

Bipolar semiconductor device 

5 The present invention teUtes ^^^^^^X'^^ 
comprising a triac structure which • J"? ^Sctivitv type which respectively adjo.n a 

UTS a S^MK^S SfSS^WS contain end regions o f .He said 

,„ ^^Sconou^^ 10 
ing action is a two-terminal four junction double sn ortefl J™» » Vo|ume 30< 

Scribed in the paper by A.drich and HotojV* * ^ n device exhibits a bidirectional 
November 11. Published 1959. pages 1819-182 Ine ' T?T .. state to a !ow impedance 
swUching action in that it switches from a high t «3*~2SfSt?5^n8 while a current 15 

15 conducting state at a threshold voltage and that , impedance st ^ ^ device js 

Sv^^^ 

Jn^Su^^ " *" — " VO ' tS W 

20 'well over 200 volts" were reported by the authors semiconductor device having a 

According to the P^V^'^Jf^^ a base region of one conduct.v- 

semiconductor body comprising *™' f » c ™? e g 7 0 n of opposite conductivity type which 

ity type located between a first and a second I ^gion or P*> d and which conta.n 

respectively adjoin a first and a second opposite SStSi! characterised in that the 

25 end regions of the said one ^n^^S^i^S^^^^ in the bod V' in th£U Said h 
body contains at least two said triac struct u res ; locate d s o V ^ electrica(ly connected 

second opposite conductivity type reg.ons of the two triac ^sir conductivity type 

Saether and in that there is interposed between said base ™3«>™ °* jons back to bac k 

S^heYwo triac structures ;an ^^^^^^^^^ of the p-n junc- 30 

30 srs^ — e conductivity iype re9,ons of 

e - a n e r 0 w ndu^ ssrs^^ ==■ 35 

rately exhibits bidirectional switch charactenst.es at a tnres a secQnd opposite conduc- 35 

40 b °T d h V e isoiation ,e 9 ion may a-sc .extend around I each tnao „ and two 
n^or^S^^ 

eted end region of each triac structure present ,„ *• ^JS^cJo. body, and the 

triac structure isolates each tnac structure from the edges « the ^ of each mes , 4 

45 rwn-h« s^rs HS^s e^ 8 ^ 

-rco^en^^ c^^^"?^ — " etCh ' n9 . 

50 T2e may further include ^ _ ^^^J^Z^^e 

mesa may be connected to a first and a "^J^!^ mi? *>• connected to a third 
accordance with the invention and J « £ S that the device exhibits a h.gh 
55 terminal of a device in ^/^^ and the third terminal up to a 

impedance between each of the first and ^ono gnd exhlblling a high 

threshold voltage at which switching , to a q '7 '^JsTp to a threshold voltage whch is the 
impedance between the first and the second " d the third ter minal and the second 

sum of the threshold voltages texwerxtoshntw™ devic e may be used in a two wire signal 

60 terminal and the third term.nal. Such a sem conductor device Y ove rvoltage suppression 
transmission circuit, such as a telephone c.rcu.t as a transient an structures form two 

means. At the connection of the two ^^^^^ZTan* earth, switch one connected 
parallel bidirectional switches between each of the -wo wires , and th 

S3 "ad' terminal, eadh switch exhibiting a high 
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L«h tho • ^ t0 a J hr [ fshold voltage at which switching to a low impedance occurs, 
and the device exhibiting a high impedance between the two wire up to a threshold voltage 
which is the sum f the threshold voItage of each swjtch |r g te , eph one circuit the 

higher threshold voltage exhibited between the lines in comparison to between each line and 
5 earth ensures that a trans.ent on one line is dissipated to earth alone and that part of the 5 
transient is not transmitted to the second line. 

In a semiconductor device in accordance with the invention, for at least one of the triac 
structures the breakdown voltage of the p-n junction between the base and the first oooosite 
m CO " d r u h ctlv,ty ty P e re 9 ion may b « different from that of the p-n junction between the base region 
10 and the second opposite conductivity type region; the breakdown voltage between the base 10 
region and the first opposite conductivity type region of one triac structure may be different 
from that of the other triac structure; and the breakdown voltage etween the base region and 
the second opposite conductivity type region of one triac structure may be different from that of 
the other tnac structure. The breakdown voltage of each p-n junction may be varied by known 
15 means, for example, the variation of the carrier concentration on either side of the junction and 15 
a semiconductor device having such different junction breakdown voltages may be tolerated to 
have a different breakdown voltages between each of the three electrode metallisations of the 
device. 

Embodiments of the invention will now be described by way of example only with reference 
ZO to the accompanying drawings in which: ' 2 o 

Figure 1A shows schematically in plan a semiconductor device in accordance with the inven- 
tion. 

Figure IB shows a view on X-X of Fig. 1A, and 

o C S°H rS f ! h ° WS schema t'caMy a two wire telephony circuit having transient suppression means 
Z5 which includes a semiconductor device in accordance with the invention. 25 
In Figs. 1A and 18 the dimensions of the semiconductor device are shown greatly enlarqed 

and the relative thicknesses the parts of the device as shown in Fig. IB are exaggerated for 

clarity. " 

, n „f semiconductor device in accordance with the invention includes two triac structures A and 

B formed within a semiconductor body, the triac structures being located side by side in the 30 
body and separated one from the other and bounded within the semiconductor body by an 
aluminium doped isolation region 1 which extends through the thickness of the semiconductor 
?°°^ Su . ,table me thods of providing the aluminium diffusion are described in British Patent 
1536545 (Mullard) and British Patent 2031649 (General Electric) 

35 Ai Th A e , t ^ 0 oo diV j d , Ual l ! i3C structures A and 8 are of sim « a r construction, each comprising a pair 35 
Al,A2,Bl,B2 of four layer structures the division between the four layer structures being 
indicated by dot-dash line D. The layers are of alternating n,2,4,6 and p,3,5 type conductivity 
layers the p layer 3 and the n layer 2 within it at a first major surface 7 of the semiconductor 

„o .7 !, P u yef L and the " layer 6 within jt at a se cond major surface 8 of the semiconductor 
40 body and the n base, layer 4 is disposed within the semiconductor body between p layers 3 40 
and 5. In Fig. 1A the layers 2 and 3 shown in dashed cross hatching. The p and n layers 2 and 
3 are each bounded by troughs 9 partly filled by glass passivant 10 which also extends over 
part or the upper surface 7. The troughs are interposed between the layers 2 and 3 and the 
isolation region 1, the boundary between the troughs and layers 2 and 3 being shown as 
45 dashed l.ne 9T in Fig. 1A. Electrode metallisation 11 is provided to connect the layers 2 and 3 45 
of each tnac structure A and B, this metallisation is bonded by the glass passivant 10 The 
common metallisation 1 2 extends over the whole of the lower surface 8 to provide connection 
between the triac structures A and B via the layers 5 and 6 of each triac structure. The parts of 
the troughs 10 between the devices A, B may be widened to a single wide trough to isolate the 
50 isolate region 1 between the n-bases of A and B from the first surface of the body 50 
The semiconductor device described above may be represented by the circuit symbol shown 
within the dashed line 20 in Fig. 2. In Fig. 2 a two wire 21,22 telephone circuit with line 
impedances 23,24 is connected to exchange equipment 25 and the device 20 has one terminal 
cc connected to a wire 21, 22 respectively and one terminal T3 to earth 26 to provide a 

55 self activating leakage path for overvoltage transients appearing on the wires which would 55 
otherwise damage the exchange equipment 25. Within dashed line 20 the circuit symbol is 
annotated to correspond with Figs. 1A and 18 with the triac structures A and B and the four 
layer structures within each triac A1.A2.B1.B2. The characteristics of such a device are that it 
remains in the high impedance state to earth at the normal 50V operating voltage of the 
60 telephone circuit and switches to a low impedance state to earth when a voltage in excess a 60 
threshold voltage of 150 volts to earth appears on the circuit, to protect the exchange equip- 
ment against UK mains voltage of 240 volts RMS and against other transients of greater voltage 
than the threshold voltage. When the transient or overvoltage is removed the device resets to - 
the high impedance state as the holding current necessary to maintain the low impedance state 
So or the device is higher than the maximum working current of the telephone circuit. The device 65 
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respectively. metallisation 1 1 of A were subject to a positive overvoltage, 

in operation, for example, rf 5 h ^S°L" l e I ion 3 common to A1 and A2 and so 
5 the n-type region 2 of A2 would be ported by p ype r eg.on ^ ^ bj 

the junction between region 3 and " ^.^3 b 9 ia sse d junction between n-type base 4 and p- 
blocking junction would therefore be the revere b assed ju Qn ^ „ and p ., ype 

type region 5, which would under go bj^own a a vo g P ^ bfeakdown vol f 
carrier concentration in regions 4 art I 5 on , each «de or tn , a B may be the 

10 each of the four junctions between the n^bM and p typ 9 tjon of te | eph0 ne 

same, providing symmetncal on lines 21 and 22 simultaneously, 

eauipment. When the same transient or ove ^° na ^ appe h transient Q r overvoltage to earth. 
bSh P A and B can break over independent^ to c ^ *J ^"^^ tnat of the brea kdown 
The isolation of the triac structures A and I L to a vorag 9 structures to be connected in 
16 voltage to earth in the same sem.conductor body, a Iowa the trie ^ wjres gnd 

series' via the metallisation 12^^^ flow impedance is the sum of the 
22 the threshold voltage at which the de v 'ce jw.tc nes , , tion were not present, the 
threshold voltages of each triac structur A and I the isolat.o^ ^ ^ ^ ^ 
threshold voltage between the lines 21 and ^ w °"'° t " h „_ reaion 4 wou ld allow an above 
20 between each Une and earth, as without the ^^J^^^to cause breakdown in the 
threshold positive voltage ™™™***%*™ 9 *™?™?? 0 earth and to wire 22. Thus the 
device which would allow conduction of the ™ , transien ts to earth alone 

presence of the isolation 1 ensu ; es /°"f h Ct s ,0 c n h 0 a f dev ce s used requires the device to have 
The above example of a circuit in wh, ^ n s "f m ^ t f® a "e a kdown characteristics may be ob- 25 
25 symmetrical breakdown ^^^\^Z.^^mm^^«M"9 Junction as required. The 
Sned in a device with a different b reakdown v ^ tage at e a ch^ ^1 ^ ^ 
breakdown voltages are dependent on the earner con breakdown vo ltage by hanging the 
junction. Thus a blocking junction may bejwn a d r ^ junctjon by , oca „ y 

doping concentration of one or both regions on eitner : * junction. By 30 

30 enhancing or- reducing these *°M°™£™£^*&££ n the n-t y pe base regions 4 and 
ensuring that the breakdown voltage of the p . n . jun ctio 4-p-typa region 3.5 

the isolation region 1 is always 9™ ate ^ e JtvSS tas th? characteristics of two devices 
breakdown voltage, a device may be prov.dea wnic b|ocking junct ion and where the 
navtng. for example, different break dow^n voltage a t each Mo* by . common 35 
35 devices are isolated within a single sem.conductor body, dux 1B whjch wou , d be 

metalUsation. In the device in accordance with he 'pennon »ho ^ numeral 20 the 

packaged as a three terminal device similar to . that sh £ wn Operating in parallel or A and B 
device may be used with A or B operating j or A and P the blocking junctions in 

operating in series, by appropriate c °™f interconnection of the 

40 z^lszszw shown in the fo,,owin9 

\ Table 1 the first noted electrode is at a positive voltage with ^^^^^ * 
and B refer to the two triac : structures ^shown n fig 1B Fo vo , of 200 V (n-type 
45 and. for example onjy tha device ,^ aumad to hava block^j A) 15QV {n . type 

£S 1 £ e 9 g on 3 n B), 60V (n-type * to P -ty P e region 5 in A,. 


40 


45 


„ lf b ' e L rnnnection Breakdown Voltage 

50 Electrode Connection 10 OV+ 150V = 250V 

SKSII eo^2oov- 2 eov 


50 


11A to 12 A only 
12 to 11A A only 


100 V 

200V 55 


55 


1^ w 1 " ' en \/ 

11BW12 8 only 60 V 

12to11B B only 150V 


/semiconductor device in accordance wKh the ^Z^^tt^nTZr^ 
non-symmetrical breakdown charactenst.es \J^"£^J*. device are formed. The above 60 
fiO of the device between which regions the blocking juncu ons illustrating that a device 

60 tab e is o be taken as a non-limiting six different breakdown 

n accordance with the invention may, by appropna ite .connec, . breakdoW n voltages of 
Stages Other devices in accordance with the J"£™£Td£!^tic. of the semiconductor 

65 ^Vf?r=r a ^ a ~ e circuit and the — etr,cal 
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characteristics tabulated in Table 1. 


CLAIMS 

c u " u A t ? iP .° ,ar semiconductor device having a semiconductor body comprising a triac structure 
5 which includes a base region of one conductivity type located between a first and a second 5 
region of opposite conductivity type which respectively adjoin a first and a second opposite 
major surfaces of the body and which contain end regions of the said one conductivity type of 
said triac structure, characterised in that the body contains at least two said triac structures 
located side by side in the body, in that said second opposite conductivity type regions of the 
10 two triac structures are electrically connected together, and in that there is interposed between 10 
said base regions of the one conductivity type of the two triac structures an isolation region 
which forms with said base regions back to back p-n junctions having a higher breakdown 
voltage than the breakdown voltage of the p-n junctions between the base region and the first 
and second opposite conductivity type regions of each of the two triac structures 
15 2. A bipolar semiconductor device as claimed in Claim 1, in which the isolation region also 15 
extends around each triac structure. 

3. A bipolar semiconductor device as claimed in Claim 1 or Claims 2, in which two mesas 
are present at the first major surface and each mesa is bounded by a trough which separates 
the mesa from the isolation region, and the first opposite conductivity type region and the 

20 associated end region of each triac structure are present in the mesas. ^ 20 

4. A bipolar semiconductor device as claimed in Claim 3, in which electrode metallisation is 
present on the top of each mesa to connect the first opposite conductivity type region and the 
associated end region of each triac structure. 

5. A bipolar semiconductor device as claimed in any preceding claim, which includes a 

25 common metallisation on the second major surface of the body to connect the second opposite 25 
conductivity type regions and the associated end regions of the two triac structures 

6. A bipolar semiconductor device as claimed in Claim 5, the device having a first, a second 
and a third terminal, the first and second terminals being connected to electrode metallisation on 
each first opposite conductivity type region and associated end region of the two triac struc- 

30 tures, the third terminal being connected to common metallisation on the second major surface 30 
the device exhibiting a high impedance between each of the first and the second terminals and' 
the third terminal up to a threshold voltage at which switching to a low impedance state occurs 
and exhibiting a high impedance between the first and the second terminals up to a threshold 
voltage which is the sum of the threshold voltages between the first terminal and the third 

35 terminal and the second terminal and the third terminal. 35 

7. A two wire signal transmission circuit having transient and overvoltage suppression means 
the suppression means including a semiconductor device as claimed in Claim 6, in which the two 
triac structures form two bidirectional switches between each of the two wires and earth one 
switch connected via the first terminal to one of the two wires, the other switch connected via 

40 the second terminal to the other of the two wires, and earth connected to the third terminal, 40 
each switch exhibiting a high impedance to earth up to a threshold voltage at which switching to 
a low impedance occurs, and the device exhibiting a high impedance between the two wires up 
to a threshold voltage which is the sum of the threshold voltage of each switch. 

8. A semiconductor device as claimed in any one of the preceding claims, in which, for at 

45 least one of the two triac structures, the breakdown voltage of the p-n junction between the 45 
base and the first opposite conductivity type region is different from that of the p-n junction 
between the base region and the second opposite conductivity type region. 

9. A semiconductor device as claimed in any one of the preceding claims, in which the 
breakdown voltage between the base region and the first opposite conductivity type region of 

50 one triac structure is different from that of the other triac structure. 50 

10. A semiconductor device as claimed in any one of the preceding claims, in which the 
breakdown voltage between the base region and the second opposite conductivity type region 
of one triac structure is different from that of the other triac structure. 

1 1. A two wire signal transmission circuit as claimed in Claim 7, in which the circuit is a 

55 telephone circuit and the suppression means is provided at the connection of the circuit to an 55 
exchange. 

12. A semiconductor device substantially as hereinbefore described with reference to Fiqs 
1A and 1B. * 

13. A telephone circuit having transient and overvoltage suppression means substantially as 

60 herein described with reference to Fig. 2. 50 
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